Airways, alveoli and blood vessels each have a distinctive pattern of growth, varying widely from each other in the ante-natal and post-natal periods. This has recently been expressed in the following three Laws of Lung Development (Reid, 1967a): 1. The bronchial tree is developed by the 16th week of intra-uterine life. 2. Alveoli, as commonly understood, develop after birth, increasing in number until the age of 8 years and in size until growth of the chest wall is finished. 3. Blood vessels are remodelled and increase, certainly while new alveoli are forming and probably until the growth of the chest is complete. Bucher and Reid (1961) have shown that by the 16th week of intra-uterine life all the bronchial generations are present. Indeed the number slightly exceeds the number found in the adult. Boyden (1965; 1967) has demonstrated that alveoli form in the walls of some non-respiratory bronchioli at least up to the age of 3 years, leading to a fall in the number of non-respiratory generations. This affects only the most distal one or two generations of bronchioli along any pathway (Boyden, personal communication) .
AIRWAYS

ALVEOLI
Multiplication of the alveoli after birth has been described by Dunnill (1962a, b) , using the quantitative methods of Weibel and Gomez (1962) . He found that the number of alveoli in both lungs rises from about 20 x 106 at birth to about 300 x I0O by the age of 8 years, and thereafter remains constant. In the child lung he also measured the increase in surface area with age. Boyden (1965) has pointed out that the air spaces in the lungs of a newborn child have neither the shape nor the dimensions of true alveoli, and he prefers to call the air spaces in the newborn 'saccules'; alveoli of the adult type develop after birth.
G. Davies and Lynne Reid PULMONARY ARTERIES
Reid's third Law has been less well quantified. It is clear that the pulmonary arteries must increase during the period of alveolar multiplication, but the details of rate of growth in size and number and of alterations in structure are not clearly described. Rosen, Bowden, and Uchida (1957) , studying microscopic sections of lungs in which the pulmonary arterial tree had not been injected, measured the area of the medial coat of those pulmonary arteries cut in cross-section. They related the arteries to their accompanying respiratory airways to indicate their level in the lung, as had been suggested by O'Neal, Thomas, and Hartroft (1955) . Dividing their cases into children under and over 1 month of age, they reported that the medial coat 'becomes thinned' soon after birth.
Wagenvoort, Neufeld, and Edwards (1961) carried out a careful study, again of the uninjected pulmonary arteries, in fetuses and normal children. They measured medial thickness and external diameter and expressed these as a ratio: they also estimated medial area, relating 'the amount of muscle in the media' to the area of lung tissue in which it was found. They were able to show a rapid reduction in the amount of muscle tissue in the medial coat of the pulmonary arteries within the first two weeks after birth and thereafter a slower fall to the adult pattern over about 18 months. They thought that the rapid fall in medial thickness in the first two weeks of life might reflect the dilatation of the pulmonary arterial tree and decreasing vascular resistance, while they regarded as a true decrease in the medial coat that which continued gradually until the age of 18 months.
In normal children, Dammann and Ferencz (1956 ) described a decrease after birth in wall thickness of the muscle-containing pulmonary arteries. The thinning of the walls was most rapid in the first two to three months of life but continued for several more months. They measured the ratio of the wall thickness to the lumen diameter, but their arteries were not injected and therefore not distended.
The effect of dilatation of the pulmonary arteries in altering the wall thickness/external diameter ratio may be overcome by fully distending all vessels examined. In a study of the pulmonary arteries in normal adults, Elliott (1964; Elliott and Reid, 1965; Reid, 1967b) Fulton, Hutchinson, and Morgan Jones (1952) showed that the septum enlarged with the left ventricle. They dissected the two ventricles and weighed them separately: assessment of ventricular size can thus be assessed by absolute weight and by the ratio of left ventricle and septum to right ventricle. This method has been followed in this study.
As the precise methods developed by Elliott (1964) have not previously been applied to the child lung, the purpose of this study was to establish the growth in size and number of the pulmonary arteries during childhood and the distribution of muscle in their walls, to relate this pattern to alveolar development and to the weight of the right ventricle throughout childhood.
MATERIALS AND METHODS
The present study concerns eight lungs from five children: hearts were available from three of these children and four additional hearts were examined. The cases from whom lungs were obtained included a stillborn and ranged in age up to 11 years. The age, sex, cause of death and material examined are given in Table I . The lungs were received within 2 to 3 hours of removal from the body, and were (Short, 1956; Elliott, 1964 artery to the upper and lower lobes seen on the arteriogram was divided into 10 equal lengths, using waterproof ink to mark the film (see Fig. 1 ). The diameter of the artery at each point marked was measured as described by Millard (1965) G. Davies and Lynne Reid and taken through the full thickness of the slice as described by Dunnill (1962a) . As some of the lungs were so small that virtually the whole lobe was included in a few blocks, random sampling was not necessary in these lungs. In larger lungs a few extra blocks were taken from each lung to ensure that large arteries had been included.
The tissue was prepared routinely by dehydration in alcohol and then, after benzene treatment, was impregnated in wax. The blocks were cut so that the sections represented the whole of the tissue that had contributed to the cut surface. Sections were stained with Verhoeff's elastic stain and counter-stained by van Gieson's method.
EXAMINATION OF THE HEART
The heart was immersed in formalin for at least one week after its ventricular cavities had been opened to ensure adequate fixation. After this time Millard (1965) has shown that there is no significant fall in weight. The heart was then dissected in the manner described by Fulton and his colleagues (1952) and the left ventricle and septum were weighed separately from the free wall of the right ventricle. The ratio left ventricle+septum right ventricle was calculated. In normal adults these authors found that this ratio lay between 2-3 and 3 3:1.
ALVEOLAR NUMBER The alveoli were counted by the method of Weibel and Gomez (1962) . Corrections were made for shrinkage of tissue due to dehydration and mounting of the sections. On three lungs the counts were repeated at intervals as a check of the accuracy of the method.
ALVEOLAR SIZE Dunnill (1962a) estimated a mean alveolar diameter by choosing typical looking alveoli to measure; as this method must be open to subjective error it has not been used. Since the mean alveolar size must be inversely related to the number of alveoli in a millilitre of lung tissue, and since this value emerges during the calculation of alveolar number, the reciprocal of this value multiplied x 106 was taken as an indication of individual alveolar volume. This figure rises as the alveolar size increases.
ALVEOLAR SHAPE The number of intercepts made with alveolar walls by a randomly orientated line of known length increases with increasing complexity and folding of the alveolar walls, and decreases as the alveoli grow larger. The mean linear intercept (Dunnill, 1962a) was here adjusted for alveolar size by dividing the intercept number by the number of alveoli in a square centimetre of lung tissue; the resulting figure is a reflection of the degree of complexity of the alveolar walls. The figure so obtained has been multiplied by 103 to obtain numbers of a convenient order.
PULMONARY ARTERY MEASUREMENTS TERMS USED IN DESCRIBING PULMONARY ARTERIES
Passing to the periphery of any arterial pathway the complete muscular coat is replaced by a spiral of muscle before the muscle disappears. These three regions have been described as muscular, partially muscular and non-muscular respectively (Elliott, 1964; Reid, 1 967b) . In cross-section non-muscular arteries are those with no muscle tissue visible in their walls; partially muscular arteries are those in which the muscle coat is interrupted so that at least some part of the circumference is free of muscle. tive volumes of the lobes could be predicted by the number of segments in each lobe. The ratio of lobar volumes in the right lung would be, upper middle to lower lobe 03 :0-2:0-5, and in the left lung, upper to lower lobe 0 5:0-5. In the right lung of the subjects aged 4 months and 3 and 5 years, these ratios were nearly attained so that lobar size was roughly proportional to the number of segments in each lobe. In the left, in all five cases the lower lobe was consistently larger than the upper, although this was less striking in the larger lungs. In the three instances when both lungs were available, the left was smaller than the right, being 93, 92 and 90% of the volume of the right lung in subjects 2, 3 and 4 respectively.
ALVEOLAR MEASUREMENTS
The number of alveoli found in each lung, the mean number of alveoli in 1 ml. of lung tissue and the figure expressing mean alveolar complexity are shown in Table III. Figure 4 . There was a striking increase in the number of arteries in each size range between the ages of 4 months and 3 years. Thus, in addition to the overall increase in lung volume, there is an increase in arterial concentration for unit area between these ages, confirming the appearance in the arteriograms. In the 5-and l1-year-old children the number of arteries is shown in Figure 7 . At all ages a rise in percentage wall thickness is seen in the small arteries. In the stillborn child the smallest muscle-containing arteries had a mean percentage wall thickness as high as 19-2%. By 200 um. in diameter the mean value for wall thickness was 4-5 to 5%, while near the lobar hilum it was 3 5%, a value within the normal adult range. In none of the older children was muscle found in such small arteries and, when found, constituted less of the diameter. The smallest arteries containing muscle in the 4-month-old child had a mean percentage wall thickness of 6-8 and, by the age of 3 years, this figure was 3 0. The wall thickness of the mid-lung vessels was lower, and had fallen to the near adult values of 2 to 3% (Elliott, 1964) by the age of 4 months. In the three older children the mean values at all levels were within the normal adult range. This shows that the 'thinning' of the walls of the pulmonary arteries relative to their external diameter takes place rapidly after birth, being nearly complete by the age of 4 months. This process occurs at much the same rate as the decrease, described later, in right ventricular size relative to the left. of arterial diameter found in each group is seen to widen and there is progressive muscularization. At birth 56% of the arteries running with terminal bronchioli are muscular, the rest being partially muscular. By the age of 4 months the percentage of muscular arteries has increased, and, by the age of 5 years, all are wholly muscular as in the adult. At The rate of growth of the alveoli has been well described by Dunnill (1926b) , whose methods we have used here. The alveolar number reported here is, at all ages, somewhat higher than Dunnill's, but the pattern of growth is similar, confirming that the most rapid multiplication of the alveoli occurs in the first three years of life. Dunnill (1962b) In the lower the increase in cross-sectional area is nine-fold.
The rate of growth of the pulmonary arteries in external diameter may be seen from the increase in size of the arteries accompanying distal airways. The true increase in diameter is masked to some degree by the change in type of the last two or so generations of bronchioli in the first three years of life (Boyden, 1965) . This means that some of the arteries running with terminal bronchioli at birth will later come to accompany respiratory bronchioli, with the effect that a larger artery will come to accompany the latter.
It is unlikely that this 'alveolization' of bronchioli continues after the age of 3 years (Boyden, personal communication) , as bronchial generation counts in fetal and adult life show a reduction of not more than two generations of non-respiratory bronchioli (Bucher and Reid, 1961) . The increase in size of the arteries accompanying respiratory bronchioli, certainly after the age of 3 years, probably represents therefore a true growth in diameter.
On inspection of the arteriogram, increase in background opacity, particularly between the ages of 4 months and 3 years, probably reflects the increase in the number of small pulmonary arteries. The actual number of small arteries is difficult to measure directly, but the number of small intra-acinar arteries in a unit area of lung may be shown to increase sharply between these ages, and this must represent a rapid growth of new arteries. Arterial generation counts in the fetus have shown that the full number of preacinar arterial branches is present at birth (Hislop, 1969) so that thereafter multiplication of the pulmonary arteries is confined to the intra-acinar branches.
DISTRIBUTION OF MUSCLE IN THE PULMONARY ARTERIES IN CHILDHOOD
In the newborn child, muscle is found in the media of very small arteries-as small as 27 ,um. in diameter. The arterial walls are thick, especially in the smaller vessels. The artery supplying an acinus may be either partially muscular or wholly muscular, so that with non-respiratory airways some arteries with incomplete muscular coats are found.
As the child grows it seems that the muscle tissue 'recedes' into larger arteries. This could be due to atrophy of muscle or to growth in artery size without new muscle formation. Since, G. Davies and Lynne Reid during this period, the arteries accompanying terminal and respiratory bronchioli become more muscular in type, it appears improbable that there is atrophy of arterial muscle. The 'alveolization' of terminal bronchioli described by Boyden (1965) (Elliott, 1964) muscle has extended into arteries as small as in the fetus, although these are now much further into the acinus than is the case in the newborn child.
The thick walls of the pulmonary arteries in the newborn rapidly become thinner, and by the age of four months have nearly reached adult levels. This may mean that arteries have increased in diameter without a corresponding increase in muscle (Wagenvoort et al., 1961) , but some of the apparent thinning may be, as these authors suggested, due to dilatation of the pulmonary arteries in the first few weeks after birth. A reduction in weight of the right ventricle has been reported after birth (Keen, 1955) . This probably reflects the fall in pulmonary vascular resistance that occurs at birth. It may be that reduction in arterial tone, which is presumably associated with this, leads to atrophy of arterial muscle.
THE RIGHT VENTRICLE IN CHILDHOOD
At birth the ratio of left ventricular + septal weight to the right ventricular weight was low, showing a relatively large right ventricle, but by the age of 10 months the adult ratio had been attained. This is in keeping with findings of Recavarren and Arias-Stella (1962) , who found that the adult ratio of ventricular weights, as judged from heart slices, was reached by the fourth month of life.
RELATIONSHIP OF ALVEOLAR TO PULMONARY ARTERIAL GROWTH
At birth the alveoli, or the saccules serving the function of alveoli, are few in number. The pulmonary arteries are small and few in number and arterial muscle seems to extend but a short way into the acinus.
In the first few months of life the alveoli multiply rapidly. At the same time the arteries grow in size and multiply in number without there being any notable growth of new muscle tissue. Indeed, if interpreted in the light of its external diameter, the muscle of the arterial wall becomes thinned; the right ventricle also becomes relatively smaller.
Up to the age of 3 years the alveoli multiply rapidly without growing larger, although becoming a little more complex in shape. Within the acinus the arteries also multiply rapidly, but little new muscle develops within their walls, so that the net effect is for the acinus to contain larger arteries with walls free from muscle. It is therefore during the period of most rapid growth of the alveoli that there is relatively the greatest number of non-muscular arteries within the acinus. By the age of 5 years the alveoli are multiplying more slowly and are growing larger in diameter as well as still more complex in pro- file. The growth in number of the arteries has slowed, but the arteries continue to grow in size with little new muscle appearing in their walls, so that large non-muscular arteries are still found within the acinus.
Although muscle gradually penetrates into the acinus, even at 11 years it still contains large arteries with little or no muscle in their walls. By the age of 19 years the adult pattern is reached.
